Background: This study examines a national perinatal quality improvement collaborative designed to create high reliability through the use of evidence-based perinatal care bundles. The objective of this study is to determine whether hospitals serving low-income patient populations experienced lower compliance with perinatal care bundles than hospitals serving higher-income patient populations.
Introduction
Maternal and neonatal care represents the greatest portion of Medicaid's hospitalization costs (27%) [1] . In 2009, there were more than 4.1 million births in the U.S [2] . Considering these two statistics, it's critical that the healthcare delivery system provides high-quality perinatal care to better control rising costs for a growing population. In addition, numerous studies have documented persistent racial, ethnic, and socioeconomic disparities in maternal morbidity and mortality, preterm births, low birth weight infants, and other adverse outcomes [3] [4] [5] . Black women are nearly four times more likely to die from pregnancy-related causes than White women [6] . Individuals of low socioeconomic status are less likely to receive high quality care in hospitals [7] . Results of the 2005 National Healthcare Quality and Disparities Report concluded that low-income patients experience low quality care for approximately two-thirds of the quality measures included for analysis [8] . Based on existing studies it appears evident that being economically disadvantaged leads to similarly disadvantaged healthcare services. Furthermore, being socioeconomically disadvantaged is linked with poor health throughout the lifecycle, from birth, through childhood and adolescence, and into adulthood and old age [9] and greater income disparity is linked with higher rates of perinatal morbidity/mortality [10] .
This study analyzes results from a multi-site hospital quality improvement initiative that aims to increase the reliability of obstetric care services. It explores the relationship between hospitals serving lower income communities and their ability to achieve high reliability in patient safety. Prior efforts to improve reliability have generated positive contributions to care processes for a variety of clinical conditions including ventilator acquired pneumonia [11] , central line blood stream infections [12] , and perinatal care [13] . Research suggests that cesarean delivery and elective induction associated with pregnancy and childbirth can be reduced through adherence to existing evidence-based guidelines [14] . However, there have been no investigations into the extent to which improved care process performance is related to characteristics of the hospital's patient population or service area, especially the level of poverty. In this study, we report a systematic effort to improve high reliability in the perinatal units of sixteen hospitals across the nation. We then examine the relationship between obstetrical unit reliability and measures of poverty in the hospital services area and among its patient population.
Due to the evidence that poverty and low socioeconomic status are linked with poor health care outcomes, including poor perinatal health outcomes, our team hypothesized that hospitals serving higher income patient populations would have significantly higher reliability.
Materials and methods

Study design
This prospective observational study explores the relationship between the extent of adoption of perinatal best practices and poverty measures reflecting the hospital patient care mix. It is part of a larger study to reduce perinatal harm by introducing three evidence-based practices (elective induction bundle, augmentation bundle, and vacuum bundle) into the perinatal units of hospitals participating in the study. The design of this study is to introduce bundle compliance training which focuses on three distinct elements of standardizing perinatal care: augmentation, elective induction, and vacuum or forceps delivery.
Setting
The intervention group consisted of 16 hospitals across the U.S. that volunteered to participate in a collaborative to improve perinatal care processes and outcomes. The 16 hospitals in the study account for approximately 47,000 births per year for a total of 131,847 deliveries during the study period. The hospitals were located across the United States in the following cities: Akron, OH; West Allis, WI; Louisville, KY; Springfield, MA; Cincinnati, OH (two hospitals); Burnsville, MN; Fort Worth, TX; Kingsport, TN; Peoria, IL; Phoenix, AZ; Martinsburg, WV; Dallas, TX; Albuquerque, NM; Chewelah, WA; and Minneapolis, MN.
Intervention
A care bundle is a group of interventions based on best available evidence, published best practices, and national standards established by leading professional health care associations, which must be performed in coordination with each other [15] . The selection of the evidence-based elements constituting the bundles is based on sound science, and an agreement among clinicians that patients should receive all elements of care unless medically contraindicated [16] . Application of bundles to health care processes is a technique to reduce variability, an important part of achieving high reliability [17] .
Figure 1. Implementation Timeline for Perinatal Safety Initiative
The intervention was conducted over a 36-month period from January, 2008 to December, 2010. In the initial six months training protocols were developed, perinatal teams at each intervention hospital were organized, and team training was initiated. Figure 1 shows the implementation timeline for the intervention. Team training consisted of educating teams about the elements of each of the three care bundles described in Table 1 . Several quality improvement models have been successfully used to improve reliability [18] , and the three interventions in this initiative focus on the areas of highest risk for obstetrical harm [19] . Three bundles were adopted from prior studies: 1) elective induction bundle, 2) augmentation bundle, and 3) vacuum bundle [20, 21] . 
Data sources and variable measurement
We identified three measures of poverty and three care process measures for this study. Poverty in the hospital service areas and patient populations were measured using three metrics: 1) the proportion of deliveries paid by Medicaid, 2) the median income level in the hospital service area, and 3) the proportion of poverty in the hospital service area. These three measurements of poverty are used as independent explanatory variables in the descriptive analyses presented. Data for these poverty-related metrics were collected from three sources. The proportion of Medicaid deliveries was collected through chart reviews provided by key personnel within the obstetrical units or collected by finance staff using administrative data within each study hospital. The median income level and proportion of poverty in a hospital service area were determined by querying the Dartmouth Atlas [22] database for descriptions of hospital service areas by zip codes. These zip codes were then identified on the U.S. Census Bureau website for average income and poverty level. The median income and percentage of poverty measure the service area while the Medicaid metric measures patients.
Three process measures of care quality were used in this study: augmentation bundle, elective induction bundle, and vacuum bundle compliance. Table 1 shows the three obstetric care bundles and the behavior-specific interventions related to each bundle. Bundles are collections of processes needed to care effectively and safely for patients undergoing particular treatments with inherent risks [15] and have been extensively studied in perinatal settings [23] [24] . Each care bundle consists of four to five evidence-based clinical care elements in order to standardize clinical processes and reduce variation in practice.
The elective induction bundle is designed to eliminate neonatal harm from the early induction of labor without medical indication [15] . This care bundle requires that the fetus is at least 39 weeks gestation to prevent harm from premature delivery, the fetal heart rate monitoring to document stable fetal status, pelvic examination to determine the readiness of the cervix to give birth, and defining a plan to deal with the potential for tachysystole (uterine hyperstimulation) which occurs when contractions become too close together [15, 21] . The augmentation bundle was developed to reduce the unnecessary use of oxytocin during delivery which can lead to potential complications. This care bundle requires the physician to assess and document the estimated fetal weight, monitor fetal heart rate to document stable fetal status, conduct pelvic assessment exam, and monitor tachysystole [15, 21] . The vacuum bundle was designed to standardize care for operative vaginal delivery to optimize maternal and neonatal outcomes. This care bundle requires the clinician to discuss and consider alternative labor strategies with the patient, the patient is prepared to undergo a vacuum-assisted delivery and both the patient and clinician to feel the procedure has a high probability of success. The vacuum bundle also requires predetermining maximum application time and number of re-applications as well as the availability of cesarean and resuscitation teams.
All elements of a care bundle must be met for participating hospitals to receive credit for compliance, as evidenced in the monthly chart audits. For each patient, a bundle is scored as an "all or none" measure. Each of the clinical elements for the respective bundle is coded yes or no for whether it was performed for each patient. All items for each bundle are required to be present for an observed event in order for a delivery to qualify as bundle compliant.
Data were collected on each bundle element to help teams identify areas for improvement in order to achieve overall bundle compliance. Bundle compliance is measured using a chart audit. A chart audit is simply a review of patients' charts to determine if the appropriate care bundle was implemented in each case. A data collection protocol was distributed to each hospital describing the procedures for chart audits, the metrics for each bundle, and a process to upload data on a monthly basis. The protocol required: 1) random selection of 20 elective induction charts, 20 augmentation charts, and 20 vacuum delivery charts each month; 2) detailed review of each randomly selected chart to ensure all elements of each bundle had been addressed; and 3) notation of compliance with appropriate steps taken to address documented patient conditions (for example, if tachysystole is documented it is noted whether the team followed the policy algorithm for responding to tachysystole).
Data entry was completed by designated individuals in each obstetrics team every month for the three care bundles, with additional birth log data entered on a monthly basis. These monthly observations of 20 expected audits were then aggregated into monthly compliance rates, with "yes" = 100% compliance and "no" = 0% compliance. For a given bundle, monthly audits of randomly selected hospital records yielded a compliance measure for each bundle element achieved, and monthly entries over all metric categories expected to be 60 audits per month, per team. If a hospital did not have at least In order to determine the effect of our three poverty measures on bundle compliance included we used STATA to determine quartiles for percent Medicaid patients served, median income, and poverty in hospital service area. This data was examined against bundle compliance data to determine whether compliance rates differed by poverty measure.
Statistical analysis
We conducted both a descriptive analysis and a multivariate analysis of the data. The descriptive analysis examined each care bundle categorized by Medicaid patient percentage by quartile, median income by quartile, and percentage poverty by quartile in the hospital service area. The upper income quartile includes those in 76th -100th percentile, the next includes 51st -75th percentile, the lower middle includes 26th -50th percentiles and the lowest group is the 0 -25th percentile. These groupings were used to examine the mean compliance rate for each bundle across income groups.
We also conducted a set of multivariate ordinary least squares (OLS) regressions to explain each of the three care bundles by poverty measures. None of the relationships examined in the multivariate analysis were found to be statistically significant (although some did approach statistical significance), likely due to small sample size, so they are not covered in this paper.
Results
A descriptive analysis of selected characteristics of the 16 hospitals and the key poverty measures is summarized in Table 2 . On average hospitals in this study have 3,248 births per year, ranging from 912 to 6,655. Furthermore, 31% of the hospitals included are academic hospitals while the rest are community hospitals. Hospitals in this study have an average of 430 beds and all are in urban settings. The defined service area population ranges widely from approximately 8,400 people to over 2.1 million people. The average median income is $44,762 with a standard deviation of $ 8, 191 . Poverty rates also vary considerably from 2% to 13% with an average of 9% poverty in the hospital service areas. The percent of deliveries paid for by Medicaid is on average 38% and ranges from 14% to 62%. Tables 3 through 5 show overall compliance for each bundle by quartile and one measure of poverty status; Medicaid patient status, median hospital service area income, and median hospital service area poverty level respectively. Overall, hospitals achieved a 60% compliance with the augmentation bundle, 76% compliance with the induction bundle, and 41% compliance with the vacuum bundle. For all three care bundles, hospitals that serve areas with lower income demonstrate the same bundle compliance compared with hospitals that serve areas with higher income. The average compliance rates are not significantly different across income group quartiles, as shown by the p-values in the last column of Tables 3-5 . Although the multivariate regression is not discussed in detail in this paper it is worthwhile to mention a few relationships that bordered on statistically significant; augmentation bundle compliance and percent poverty in service area had a positive relationship (p = 0.064), augmentation bundle compliance and median income in hospital service area had a negative relationship (p = 0.098), induction bundle compliance and percent Medicaid patients had a positive relationship (p = 0.138), and vacuum bundle compliance and median income in hospital service area had a negative relationship (p = 0.054).
Discussion
Despite the fact that we generally think high quality care is only accessible within hospitals that serve high income populations, our findings demonstrate that this may not be true in the case of the perinatal safety initiative. There was no strong socioeconomic difference that we could observe among our sample when it came to bundle compliance, and weak evidence that hospitals in poorer areas are doing a better job at bundle compliance than those in wealthier areas or with wealthier patient populations.
These findings suggest that regardless of the socioeconomic characteristics of patient population, the 16 hospitals on our study provided consistent quality of care across the board. These results indicate that hospitals serving low-income populations are administering high quality care, despite barriers to doing so. The use of bundles in healthcare is a relatively new phenomenon; these results indicate that bundles may be a healthcare process that allow for consistent implementation regardless of the socioeconomic characteristics of the hospital patient population.
In this study of 131,847 deliveries in 16 hospitals, we expected that hospitals serving higher-income patient populations would report significantly higher rates of bundle compliance than hospitals serving lower-income patient populations. We did not find this relationship; instead none of the relationships we investigated were statistically significant. Where we did see relationships that bordered on statistical significance (0.064, 0.098, 0.054, and 0.138), these were in the opposite direction than we had hypothesized. Therefore, we may have weak evidence that hospitals that serve lower-income populations may actually have better bundle compliance rates. These results were limited by our small sample size.
Despite the fact that we did not find any statistically significant results, this does not mean that relationships do not exist; only that future research should investigate these research questions with larger sample sizes.
Limitations
There are several limitations of this study. First, the findings are limited to the hospitals in this project and may not be generalizable to all hospitals. Next, there are many factors that influence bundle compliance rates. Characteristics selected in this study represent a limited set of predictor variables and include broad measures of economic status in a hospital's service area or population, but are not connected with individual patients. Our unit of analysis in this study was the hospital (N=16). This sample size limits more sophisticated statistical analysis and limits our ability to detect differences between groups. In addition, our study does not include pre-intervention or baseline data or a comparison group. The absence of these measures in our study design limits our ability to utilize alternative analytical methods.
Strengths
This study was strong in the fact that while the overall N of the study is small, the perinatal safety initiative represented over 131,847 deliveries. The results for this study were consistent across the board for all three poverty measures, indicating that we may indeed be seeing a trend that indicates equality of performance across hospitals. Additionally, this study spans a significant time frame (36 months) which allowed us to measure trends over a large amount of time.
Conclusion
The findings from this study have important implications for understanding the influence of poverty on care process design. An understanding of Medicaid's role as a resource for pregnant women is key in determining how to improve access to care, assess quality of care, and implement effective and lasting maternity care reform [25] . While previous research has indicated that patients of lower socioeconomic status are less likely to receive high quality care, this study does not support those conclusions. Bundle compliance did not vary significantly with regard to Medicaid patient served, median income in the hospital service area, or poverty level in the hospital service area. This indicates that despite economic characteristics of the hospital service area, staff succeeds in implementing high quality evidence based perinatal care bundles. Further research is needed to explore these findings, specifically (1) whether staff at hospitals is consistent in bundle compliance regardless of patient economic characteristics, and (2) whether other care measures across these hospitals are administered consistently despite hospital service area economic characteristics.
